Introduction: The success of the antiviral treatment in patients with chronic hepatitis C depends on the factors related to the virus and the host. The aim of the study is the analysis of the antiviral therapy which is a combination of pegylated interferon and ribavirin, considering various factors that will identify the predictors of the sustained virological response. Material and Methods: This retrospective study included 226 patients, divided in two groups. Patients with sustained virological response and patients without sustained virological response were compared in terms of the following factors: genotype, viral load, gender, age, inflammatory and fibrotic changes in the liver, metabolic abnormalities, obesity and fatty liver. Results: The rate of the sustained virological response is 83.6%, more frequently in patients with genotype 3, with evidenced statistical significance (90.54%). The factors that significantly contribute to sustained virological response are related to the age (p = 0.0001), genotype (p = 0.002), mode of transmission (p = 0.005), inflammatory changes in the liver (p = 0.028), body mass index (p = 0.022) and insulin resistance (p = 0.039). The high rate of sustained virological response is related to the younger age of the patients which indirectly means short Hepatitis C Virus infection duration, absence of advanced liver disease and lack of significant co-morbid conditions. Single confirmed independent predictors of sustained virological response are the age (OR 0.928, p = 0.0001) and genotype (OR 3.134, p = 0.005). Conclusions: Factors that are related to the virological response are the age, genotype, mode of transmission, inflammatory changes in the liver, body mass index and insulin resistance, but still, independent predictors of sustained virologic response are the age and the genotype.
FACToRS ThAT InFluenCe The vIRologICAl ReSponSe In pATIenTS wITh ChRonIC hepATITIS C TReATed wITh pegylATed InTeRFeRon And RIBAvIRIn InTRoduCTIon
Chronic hepatitis C is a chronic viral infection that persists for more than six months in more than 75% of the patients, due to the absence of spontaneous clearance of the virus after an acute infection [1] . This chronic inflammation is responsible for the development of more advanced forms of liver deterioration, resulting in cirrhosis which requires liver transplantation [2] . There is an increased occurrence rate of hepatocellular carcinoma (HCC) associated with this type of infection [3] . The prevalence of the chronic hepatitis C virus (HCV) infection worldwide is around 2.8% of the population, which means approximately 185 million people in the world are infected with this disease [4] . There are many ways of transmission of the virus, but in Republic of Macedonia, the most common way of HCV transmission is intravenous drug abuse (62.3% of the patients), during hemodialysis treatment (32% of the patients) and the rest are related to other ways of transmission (5.7% of the patients) [5] . The severity of liver damage, as well as the success of the antiviral therapy depend on factors related to the virus (genotype and viremia) and factors related to the host [6] . The most common factors related to the host are the age, gender, genetic variations, alcohol consumption, impact of other toxins, immune status, coinfection with hepatitis B virus (HBV) or human immunodeficiency virus (HIV) infection, metabolic disorders such as increased insulin resistance (IR), obesity, abnormalities in lipid metabolism, fatty liver (steatosis), metabolic syndrome (MS), and others [7] [8] [9] . According to the data from the literature, IR is independent of visceral fat tissue, hepatic steatosis and genotype of the virus [10] . There is a negative correlation between the sustained virological response (SVR) and IR, the actually increased IR resulted into lower SVR rate, and vice versa, the higher SVR rate is directly responsible for the reduction of the IR [11] . Hepatitis C virus uses the host lipid metabolism for its own lifecycle [12] . Impaired lipid metabolism in patients with chronic hepatitis C infection is determined by the reduction of the total serum cholesterol, LDL, apolipoprotein B and increased steatosis [13] . Obesity, especially trunk thickness is directly related to the increased production of proinflammatory adipocytokine that increases the oxidative stress and weakens the biological response to the treatment regimens based on the interferon therapy [14] . The aim of this retrospective study was to analyze the success of the antiviral therapy in patients with chronic hepatitis C which comprises a combination treatment with pegylated interferon alpha (peg-IFN alpha-2a or peg-IFN alpha-2b) and ribavirin related to various factors (genotype, viral load, the degree of necroinflammatory and fibrotic changes in the liver, gender, age, presence of metabolic abnormalities such as IR, changes in the lipid and glucose profile, presence of obesity and fatty liver) and determination of the SVR predictors.
MATeRIAl And MeThodS
The patients included in this retrospective study, in total 226, were patients in age over 18, with verified hepatitis virus C infection [seropositive patients for HCV, as well hepatitis C virus ribonucleic acid (HCV RNA) positivity confirmed with the polymerase chain reaction (PCR) method]. The patients were hospitalized at the University Clinic of Gastroenterohepatology in Skopje for liver biopsy (one of only two institutions in the country where patients are hospitalized for performing liver biopsy before antiviral treatment) in the period from 2009 to 2015. Most of the data was retrieved from the electronic database of the clinic, and the data related to the genotype and HCV RNA titer, were derived from the Research Centre for Genetic Engineering and Biotechnology "Georgi D. Efremov", Macedonian Academy of Sciences and Arts. The exclusion criteria for this study were: active intravenous drug addicts, positive results for other viruses (HBV or HIV), patients with end-stage renal disease, other etiologies of liver disease (autoimmune hepatitis, diagnosed Wilson's disease, hemochromatosis, patients with primary biliary cirrhosis, primary sclerosant cholangitis, α1 antitrypsin deficiency, patients with decompensate liver disease, previous liver transplantation, alcohol abuse (> 20 g/day) and hepatocellular carcinoma. The period of patients treatment depends on the virus genotype: patients with genotype 1 and 4 were treated for period of 48 weeks with pegylated interferon alpha once weekly in subcutaneous dose of 180 μg of peg-IFN α2a, and the dose of 1.5 μg / kg for peg-IFN α2b, and for period of 24 weeks for genotype 2 and 3. In addition patients were treated with ribavirinin daily dose of 1,200 mg per os, for genotype 1 and 4, and daily dose of 800 mg per os, for genotypes 2 and 3. The effectiveness of the treatment was confirmed by SVR, indicating undetectable levels of HCV RNA levels 24 weeks after the completion of the antiviral therapy. The patients who have not achieved SVR are considered as Non Virus Responders (NVR). The study was approved by the local Ethics Committee.
The treated 226 patients were analyzed for the following parameters: gender; age; genotype; mode of transmission of the virus (the patients were divided into two groups: group 1 -patients previous intravenous drugs abusers, group 2 -patients infected by the virus via other way of transmission); level of viremia; histological changes in the liver biopsy (i. Knodell scale to determine the degree of inflammation-HAI-histological activity index, graduated from 1 to 18 and ii. fibrosis-the patients are divided into three groups: group 1-no fibrosis, group 2 -fibrosis, and group 3 -liver cirrhosis); steatosis (patients were divided into three groups: group 0 -no steatosis, 1 -mild steatosis and group 2 -severe steatosis); body weight expressed as body mass index -BMI (calculated according to the formula: weight in kg/height [15] , fasting blood glucose and fasting blood insulin, where Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) was calculated according to the formula: fasting insulin (μU / mL) x plasma glucose (mmol / L) / 22.5.), where the insulin resistance is confirmed when the value is ≥2. In accordance with the virological response the patients were divided into two groups: a group of patients with sustained virological response -SVR and the group of patients Non virus responders -NVR, actually patients who did not have adequate virological response. The above mentioned parameters were compared for those two groups of patients.
Statistical analysis: All data were processed using a statistical computer program SPSS 17 for Windows, where the following statistical tests were used: descriptive statistics (arithmetic mean, standard deviation, standard error, median and inter-quarter interval) for description of the numerical variables, frequencies and percentages for description of the categorical variables. For testing the difference between the numerical variables of the two groups, the Student's T test and Mann-Whitney test were used. For the statistical analysis of the categorical variables the Chi-square test was used. In order to identify the predictors of sustained virological response binary logistic regression analysis was used, by determining the value of the odds ratio (OR) and the 95% Confidence interval. For all analyzes the p value < 0.05 was considered statistically significant, and p < 0.01 was highly significant.
ReSulTS
The results of our study showed domination of the male subjects (75%), aged between 18 and 66 years (mean age 33.80 ± 8.65 years). The most common way of transmission of the virus was the intravenous drug abuse found in 63% of the subjects who were former drug abusers (table 1). In our patients the dominant genotype was 3 (present in 67.3%), followed by genotype 1 (at 31.4%), while genotype 2 and 4 were very rare (at 0.9% and 0.4% respectively and due to the small number were not suitable for statistical processing). SVR was achieved in 83.6% of treated patients, and all other baseline characteristics can be seen in Table 1 . When the difference of all determined parameters was tested among the group of patients with sustained virological response and the group of Non responders, the following results shown in Table 2 were obtained: SVR was achieved in 85.88% of the male population and 75.51% of female population, with no significant difference between the groups in terms of gender (p = 0.0826).
The patients who did not achieve adequate virological response were older (40.2 ± 11.3) compared with the group of patients with SVR where the age was 32.5 ± 7.4, with evident significance of p=0.0001. This evident significance was obtained in relation to the mode of virus transmission, i.e. 90.44% of patients who were former intravenous drug abusers have achieved SVR, but only 72.5% of patients who were infected via other virus transmission mode have obtained SVR, or 27.5 % were NVR (p=0.005). Patients with genotype 3 who have achieved sustained virological response (90.54%) were significantly more compared to the patients with genotype 1 (71.01%), with significant difference of p = 0.002. There was no significant difference between the two groups in terms of viral load, where the group with SVR had mean viral load ± SD = 1894795± 5422907, min-max (101 -59159152), median (IQR) = 781164,0 (168000 -874000) and for the group NVR, mean viral load ± SD was 1342136 ± 2057632, min-max (103-7717021), median (IQR) = 730000,0 (103460 -1032037). There was also no significant difference in the presence of fibrosis and steatosis among the groups, but the patients who have not achieved sustained virological response had higher Knodell score-HAI, with a mean value of 4.258 ± 2.828, compared to those with SVR whose mean value was 3.176 ± 2.272 (p = 0.028). The greater body weight or higher BMI is an important factor for inadequate virological response so the patients with SVR had a mean BMI of 24.3 ± 3.9, while the patients NVR had a BMI of 26.6 ± 5.2 or evidenced significance was for p = 0.022. Mean value of AST and ALT in the SVR group was 64.9 ± 62.9 U/L and 100.2 ± 91.4 U/L, respectively, while in the NVR group was 56.0 ± 24.6 U/L and 81.4 ± 51.6 U/L, respectively, with no statistical significance. Dyslipidemia was found in 53.8% of patients, but there was no statistical significance in relation to the dyslipidemia between the groups with SVR and those who do not achieve an adequate response. The baseline total cholesterol and its fractions HDL-C and LDL-C in SVR group was 4.3 ± 1.2 mmol/L, 1.2 ± 0.4 mmol/L and 2.6 ± 1.0 mmol/L respectively, while in the NVR group was slightly lower, 4.1 ± 0.9 mmol/L, 1.1 ± 0.3 mmol/L and 2.4 ± 0.8 mmol/L respectively, with no significant difference between groups. The triglycerides were a bit higher in the NVR group 1.4 ± 1.03 mmol / L, unlike in the SVR group were 1.2 ± 0.7 mmol / L, but here there was no statistical significance. Unlike lipids, in the glucose status there was a statistical significance of fasting blood glucose, the fasting insulin and the calculated HOMA IR were significantly higher in the group without adequate virological response (5.9 ± 1.5, 13.3 ± 9.7 and 3.1 ± 2.9 respectively), than in the group with SVR (5.2 ± 0.8, 12.6 ± 17.8, 2.7 ± 3.7 respectively) and the statistical significance was for p = 0.02, 0.037 and 0.039 accordingly. As an information, the insulin resistance was present in 43.6% of the patients. 
dISCuSSIon
In Republic of Macedonia, as a country that belongs to the group of developing countries, still the first line treatment of patients with chronic hepatitis C is combination therapy of pegylated interferon and ribavirin. Our study showed that several factors influence the achievement of sustained virological response, such as: age, mode of virus transmission, genotype, severity of inflammatory changes in the liver, BMI and evidence of glucose abnormalities, actually insulin resistance. There are a number of studies that have made the analysis of a factors associated with SVR, highlighting the predictors of sustained virological response [16, 17] .
The age is mentioned in several studies as a predictive factor for achieving SVR, whereas older patients have lower rates of SVR versus younger, as confirmed in our study [18] . This factor is highlighted as an independent predictor using multivariate logistic regression analysis in our study that showed less chance for obtaining SVR for 7.2% after each patient year of age. Despite these, there are studies where age is not a negative predictive factor for sustained virological response, for example the study of Frei et al, (Swiss Hepatitis C Cohort Study Group, 2014), as well as the study of Nishikawa et al. (2012) indicating that interferon combination therapy with ribavirin does not mean inferiority in the elderly and can be safely used in patients with no severe comorbidities [19, 20] .
Another factor that is highlighted in our study as important for SVR is the way of virus transmission. According to the study of Kiprijanovska et al. Our results showed a high rate of SVR, in the most represented genotypes in our country, genotype 3 and genotype 1. In 71.01% of the treated patients with difficult to treat genotype 1 SVR was obtained, and in patients with genotype 3 SVR is evidenced in 90.54%. These values are higher than in other studies where the rate of SVR for genotype 1 is between 40% and 55% and for genotype 3 about 80% [25, 26] . Using multivariate logistic regression analysis, the genotype was evidenced as independent predictor of sustained virological response (p = 0.005), i.e. patients with genotype 3 have 3.134 times better chance to obtain sustained virological response than patients with genotype 1. This gives us the right to continue the use of this combination therapy of pegylated interferon and ribavirin, especially in patients with genotype 3, comparing the high cost of the new group of direct-acting antivirals.
Factors that affect the virological response are necroinflammatory, fibrotic and steatotic deterioration of the liver which in our study have evident significance only for inflammatory activity [27, 28] . The fibrotic changes and steatosis were evidenced in more severe form in the group with inadequate virological response, but with no statistical significance.
The occurrence of obesity in recent years is a worrying phenomenon worldwide, both in developed and developing countries and it takes epidemic size as in the USA and Mexico [29] . The overweight expressed through BMI, is determined as important factor which affects the response to antiviral therapy, as confirmed in our study [30] .
Lipid metabolism disorder occurs in all patients with chronic hepatitis C considering the needs of hepatitis C virus in their development cycle to use the lipids of the host [31, 12, 13, 32] . The results of our subjects showed higher values of total cholesterol, including its fractions HDL-C and LDL-C in SVR group, but no significant difference compared with the NVR group, while the level of TG was increased in the NVR group, but also with no evidenced significance in terms of the SVR group, which is also confirmed in other studies [33] . As indicated by some authors, such as Angelico et al. (2009) , the higher values of total cholesterol and LDL-C before treatment, favor good therapeutic response, as confirmed in our study [34] . In contrary, the low serum cholesterol may indicate a greater liver damage, progression to fibrosis and adequately poorer response to antiviral therapy.
Changes in glucose metabolism are also often present in patients with chronic hepatitis C, most citing the insulin resistance that eventually could lead to the emergence of diabetes mellitus. Insulin resistance is mentioned in several studies as a factor associated with virological response [35] [36] [37] [38] . In the study of Jung et al. (2014), the lower value of HOMA IR was associated with higher SVR rate, but in the group with IR where SVR was obtained, decreasing in HOMA IR after treatment was evidenced [32] . In the study of Romero-Gomez et al. (2005) , the insulin resistance, severe fibrosis and genotype 1 are independent predictors of poor virological response [11] . According to the Meta-analysis of Laurito and Parise (2013) where 13 studies with 2238 participating patients were analyzed, it is indicated that IR is associated with a poor virological response, regardless of the genotype [39] . These findings of insulin resistance are confirmed in our study too. Insulin resistance is evidenced in high percentage, i.e. 43.6% of our patients with hepatitis C, but there are studies that showed a slightly higher value, as in the study of Kiran et al. (2013) , where even in 51% of the analyzed patients with HCV, IR was evidenced [40] . Although, the group of NVR has a statistically higher value of HOMA IR compared with the SVR group, the multivariate analysis showed that IR cannot be considered as predictive factor for SVR.
All these factors noted as important for achieving sustained virological response will support us in future to have an individualized approach to patients with chronic hepatitis C. Particularly important group are the patients with genotype 3 who usually belong to the group of former intravenous addicted to drugs who are also at a younger age, which in our study have evidence of a high percentage of obtained SVR (something above 90%), so we can treat them with current dual antiviral therapy, a combination of pegylated interferon and ribavirin in the future. For those groups that are difficult to treat (patients with genotype 1, older patients and those who have more pronounced metabolic abnormalities) the last Factors that inFluence the virological response in patients with chronic hepatitis c... generation of drugs should be taken into account, which in a country like Macedonia are extremely expensive and therefore, not affordable drugs.
ConCluSIon
Factors that influenced the virological response in our study were the age, the mode of virus transmission, genotype, inflammatory changes in the liver, body mass index and insulin resistance. The rate of sustained virological response is 83.6%, and is statistically significantly more frequent in patients with genotype 3 (90.54%). This high rate of SVR achieved with combined therapy of pegilated interferon and ribavirin is related to the younger age of the patients which indirectly means short duration of HCV infection, absence of advanced liver disease and lack of significant co-morbid conditions. Independent predictors of SVR in our study are the age and the genotype.
